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THE GREAT SALT LAKE.
By Professor JAMES E. TALMAGE, PH.D., F.R.S.E., etc.
HISTORICAL AND DESCRIPTIVE.
THE Great Salt Lake is a body of natural brine occupying the main
depression within the Salt Lake valley in the north-central part of the
State of Utah.
From the earliest announcements of its existence the lake has been
an object of attraction to scientist and layman alike; and its claims to
popular notice have increased with the passing years. At the present
time the interest with which it is regarded is greater than usual owing
to-a surprisingly rapid shrinkage during the past two years, and to the
many unfounded prognostications that have appeared in print telling of
the certain disappearance of the lake within a few decades.
The earliest accounts accepted as having reference to the Great Salt
Lake and to the peculiar properties of its waters date from 1689, when
Baron La Hontan, a distinguished French traveller and explorer, learned
from the Indian tribes of the Mississippi valley the story of a great salt
sea lying high amid the solitudes of the western mountains. La Hontan
published an account of these traditions, and the first English version of
his narrative appeared in 1735. The water-body described to him by
the copper-coloured aborigines may or may not have been the Great Salt
Lake; but as such it is usually regarded.
From 1776, however, dates more reliable information. In that year
Padre Escalante, a Spanish official and explorer, followed the Provo
river from its upper parts to its termination in Utah lake, situated in
the valley immediately south of that of the Great Salt Lake. From the
Indian tribes who claimed as their particular domain the basin of the
VOL. XVII. 2 Y
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6 1 8 • SCOTTISH GEOGRAPHICAL MAGAZINE.
Provo (by Escalante named Purisima river), and who were specifically
known as the Timpanogotzis, the explorer learned of a lake covering
many leagues with water extremely noxious and salty, lying in the
valley northward. Escalante appears to have placed little credence in
the Indians' stories, or else he considered the lake as of small importance;
for, though but a day's travel would have brought him within sight of
the salty sea, he contented himself with the red lien's account, and made
no attempt to confirm or disprove the same.1
As to the first white man who visited and really discovered the
Great Salt Lake, perhaps the truth may never be known. Prior to
1833 numerous traders and trappers are said to have reached the shores;
among them are Miller of the Astor Company; Provost (after whom
Provo city, the capital of Utah county, has been named); Colonel James
'Bridger, for whom strong claims of the honours of discovery are made;
and Captain Benjamin L. E. Bonneville.
That the last-named reached the lake and prosecuted extended
explorations is beyond doubt. He wrote much by way of description,
and his record has proved of value. Washington Irving's account, pub-
lished under the title, Adventures of Captain Bonneville, has found a place
in the treasury of American literature. Many attempts have been made
to name the lake after Captain Bonneville; Washington Irving strove to
accomplish this, and the Captain himself threw aside his native modesty
and aggressively laid claim to the honour; but the appropriateness of
the name, Great Salt Lake, was too plainly apparent to be disregarded.
In 1876, however, Grove Karl Gilbert, of the United States Geological
Survey, gave the name Lake Bonneville to the ancient sea of which the
Great Salt Lake is the lineal descendant.
Bridger claimed to have followed the Bear river to its mouth, and to
have navigated the briny waters of the lake, in settlement of a wager as
to the course and termination of the river named. Then in 1843, a
decade or more after the time of Bonneville's expedition, John C.
Fremont, brevet-captain U.S. Army, sighted the lake from an elevation
in Weber county on the north, and regarded himself as the first white
man to gaze upon this mountain-girt sea. In his description he likened
himself to Bilboa discovering the Pacific. Fremont reached the lake and
explored some portions by the aid of row-boats; but he was by no
means the first to navigate its waters. Fremont's visit was made in
connection with a government expedition to the Rocky Mountains, and
his report,2 published by the United States Government, is perhaps the
earliest reliable record of the physical conditions of the region.
In 1850 Captain Howard Stansbury, U.S. Army, at the head of a
government expedition, completed a course of valuable work, comprising
1
 A translation of parts of the original manuscript journal of Padre Escalante, describing
his visit to the Provo river and Utah lake in 1776, appears in Captain J. H. Simpson's report
of Explorations across the Great Basin of the Territory of Utah, etc., issued from the
Government Printing Office, Washington, 1876. The translation is that by Philip Harry.
2
 Report of the Exploring Expedition to the Rocky Mountains in the year 1842, and to
Oregon and North California in the years 1843-44, by Brevet-Captain J. C. Fremont.
Washington, 1845.
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THE GREAT SALT LAKE. 619
a partial survey of the lake and contiguous region, determination of
depth, density, and composition of the water, and a careful mapping of
the shore line.1
Prominent among the investigators who have contributed to our
knowledge of the modern lake is Grove Karl Gilbert, who, in connection '
with the work of the United States Geological Survey, has made a
masterly study of the water-body itself, more particularly, however, in
relation to its past history.2
During the period of human occupancy the lake region has been the
subject of much individual study, and reliable information has been
placed on record; though the contributions of this class are desultory
and scattered, and most of them are practically inaccessible. Un-
fortunately there is no reliable work within general reach treating this
remarkable water-body with the fulness its importance deserves;3 and,
in consequence, many errors have found their way into the unauthentic
and popular literature of the subject. Cyclopedia articles and even
text-book paragraphs show persistent citations of the lake water com-
position based on analyses made half a century ago; and the fiction
that no living thing can exist in the lake brine is reiterated in the face
of sure knowledge to the contrary.
The Great Salt Lake of the present day appears as an irregular
water-body, lying with its greatest length approximately north-west and
south-east. It fills the lowest parts of the Salt Lake valley, washes the
margin of the Great American Desert on the west, and is confined by
the parallels 111'8° and 113'2° longitude west from Greenwich, and by
the lines 40"7° and 41'8° north latitude. It is the largest inland water-
body within the confines of the United States west of the Mississippi
valley. Subject as it 'is to great fluctuations in volume owing to the
varying relation of supply by precipitation to loss by evaporation, and
possessing but small depth with its marginal portions strikingly shallow,
its surface area is of necessity inconstant. ' In consequence, the recorded
dimensions vary greatly. The figures now generally accepted are as
follow:—length, 75 miles; maximum width, 50 miles; area, 2125
square miles. It is practically certain that these data are excessive, but
as no complete survey of the lake has been reported since 1869, the
present dimensions cannot be given with assured accuracy. The existing
shore line is near that of 1850, when, according to Stansbury's map, the
lake covered but 1750 square miles.
The valley floor, on the lowest part of which the lake rests, is con-
spicuously flat, so that a slight fall of the water level gives rise to what
appears to be a disproportionately great recession, and a rise of a few
feet would result in flooding the valley nearly to the Wasatch bench
1
 Exploration and Survey of the Valley of the Great Salt Lake of Utah, etc., by
Howard Stansbury, Capt. Corps Topographical Engineers, U.S.A. Philadelphia, 1852.
2
 Monographs of the U.S. Geological Survey, vol. I.—Lake Bonneville, by Grove Karl
Gilbert. Washington, Government Printing Office, 1890.
3
 For a brief and generally popular treatment see The Great Salt Lake, Present and Past,
by James E. Talmage. Salt Lake City, Utah, 1900.
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THE GREAT SALT LAKE. 621
lands, and in the resubmergence of a considerable part of the Great
American Desert.
A bold peninsula, known as the Promontory, projects into the Jake
about midway along its north-eastern shore. This is of true mountain
structure, and, geologically considered, is part of a range the continuation
of which appears in Fremont and Antelope islands, and, beyond the
southern extremity of the lake in the Oquirrh mountains. Antelope
island is the largest of the land masses rising from the lake; next in order
of size is Stansbury island, and among the smaller masses are Fremont,
Carrington, Gunnison, Dolphin, Mud, and Hat islands, and Strong's
Knob.
In the early days of the settlement of Utah, Antelope and Stansbury
islands were readily accessible by fording, and were utilised as herd
grounds; later the lake rose, and the crossing had to be effected by
boats. For two years past boats have been again unnecessary; and
during the last few months the writer has repeatedly crossed from the
mainland to the islands, sometimes on horseback, at other times in a light
carriage, nowhere encountering water more than eight inches in depth.
The route of such crossings lay over the bars or spits; but on either
side of the shallows fording was practicable with a depth not exceeding
three feet.
The river supply of the lake is all derived from the eastern side, and
consists of a partial drainage from the Wasatch and Uinta mountains.
From the western shore stretches the American desert with a few low
ranges of hills, from which no permanent streams lead lakeward. Of the
rivers that feed the lake, the first in importance is the Jordan, which
brings down the overflow from Utah lake; next to this are the Weber
and Bear rivers. Numerous smaller streams, locally known as creeks,
render some contributions during the flood season of spring; but as the
irrigation period progresses all the creek water is taken from its natural
courses to be spread over the arable area.
Under conditions prevalent in more humid regions, such a diverting
of the water from the stream courses would cause but a temporary
cessation of the lake supply, for in time the land would become saturated,
and the water would find a way to its natural reservoir through surface
or subterranean springs. In the particularly arid region covered by the
Great Basin, however, such a saturation appears eminently improbable,
for the loss by surface evaporation has ever kept pace with the supply.
A few small springs have been discovered emerging on the lake bed, or
sending insignificant driblets from their in-shore mouths. It is interest-
ing to note that the water of such springs is as a rule not strongly saline,
though one of the springs supplies a positive brine, the salt content
being probably derived from saliferous beds laid down in earlier stages
of lake history.
The "Mormon" pioneers, who in 1847 were the first to push their
way into these then desert wastes in search of a permanent home, have
described the scene presented by this lake in the wilderness as forbidding
in the extreme. They saw a seemingly sterile valley, walled in by
mountains on all sides but one, the lowest portion occupied by a lake of
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622 SCOTTISH GEOGRAPHICAL MAGAZINE.
brine flanked by playas, salt marshes, and sites of desiccated pools; all
of which told a disheartening story of an arid and barren soil. But they
were hungry and footsore, weary with their forced march from the
Missouri frontiers, weakened by the vicissitudes of desert camps and
mountain journeys, yearning for the companionship of loved ones left
behind, and eager in the search for an inviting home to which to
welcome them on their later arrival. Those first colonists in the Great
American Desert were scarcely alive to the more delicate impressions of
landscape and water sheet, nor to the painted glories of the sun's rising
and setting in this wild section of its realm; they looked primarily for
the prospect of field and farm, of orchard, pasture, and home. And this
they found with assuring promise, though it was only as the outcrop of
an altered mineral vein upon the surface—all in prospect, nothing in
present realisation. It required many decades of strenuous effort and
taxing toil to transform the desert into its present garden site; and even
now there is much of the wild grandeur of the wilderness about this salt
sea with its valley setting.
The scenic glories for which the lake region is mostly famed depend
not alone on mountain heights, or valley floor, neither on water expanse
nor island cameos;' not on one nor two nor all of these combined, pleasing
though the combination be; these are but the canvas on which Nature
paints with a richness beyond the colours of purely earthly origin. It is
when the sunbeams fall aslant in the freshening dawn, or when the orb
of day is sinking in the west, that the landscape and the water blaze
forth with tints and shades which the artist strives in vain to catch and
imitate.
A description of such a scene is a fit theme for the poet; the picture
ought to be attempted by the master-hand alone. But the poet—frail
as the rest of us—may substitute his witchery of rhythm and rhyme for
the actual harmonies of the desert scene ; and the painter may intrude
his ideal into the picture. The truth here declared in Nature's language
and colours calls for no embellishments. I trust rather the scientific
observer, whose love for the beautiful, while no whit less than that pro-
fessed and held by his brothers, poet and painter, is kept within the
bounds of truthful decorum.
Let us call to our service the words of Professor Eussell, whose
geological researches in these and contiguous parts have afforded him
abundant opportunity for observation.1
" The scenery about this great lake of the Mormon land and in the
encircling mountains is unusually fine, in spite of the aridity and the
generally scant vegetation of the region. The sensation of great breadth
that the lake inspires, together with the picturesque islands diversifying
its surface, and the utter desolation of its shores, give it a hold on the
fancy and waken one's sense of the artistically beautiful in a way that is
unrivalled by any other lake of the arid region. .The unusually clear air
1
 Lakes of North America, by Israel C. Russell, Professor of Geology, University of
Michigan. Boston: Ginn and Co., 1895, pp. 78, 79. See also The Great Salt Lake, Present
and Past, by J. E. Talraage (1900), pp. 29-32.
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THE GREAT SALT LAKE. 623
of Utah, especially after the winter rains, renders distant mountains
remarkably sharp and distinct, particularly when the sun is low in the
sky and a strong side-light brings the sharp serrate crests into bold
relief and reveals a richness of sculpturing that was before unseen. At
such times the colours on the broad deserts and amid the purple hills
and mountains are more wonderful than artists have ever painted, and
exceed anything of the kind witnessed by the dweller in regions where
the atmosphere is moist and the native tints of the rock concealed by
vegetation. - The hills of New England when arrayed in all the gorgeous
panoply of autumnal foliage are not more striking than the desert ranges
of Utah when ablaze with the reflected glories of the sunset sky. The
rich native colours of the naked rocks are then kindled into glowing
fires, and each canyon and rocky gorge is filled with liquid purple, beside
which even the imperial dyes would be dull and lustreless.
"At such times the glories of the hills are mirrored in the dense
waters of the lake, their duplicate forms appearing in sharp relief on the
paler tints of the reflected sky. As the sun sinks behind the far-off
mountains, range after range fades through innumerable shades of purple
and violet until only their highest battlements catch the fading glory.
The lingering twilight brings softer and more mysterious beauties.
Eanges and peaks that were concealed by the glare of the noon-day sun
start into life. Forms that were before unnoticed people the distant
plain like a shadowy encampment. At last each remote mountain crest
appears as a delicate silhouette, in which all details are lost, drawn in the
softest of violet tints on the fading yellow of the sky.-
" To one who only beholds the desert land bordering Great Salt Lake
in the full glare of the unclouded summer sun, when the peculiar desert
haze shrouds the landscape and the strange mirage distorts the outline
of the hills, the scenery will no doubt be uninteresting and perhaps even
repellent. But let him wait until the cool breath from the mountains
steals out on the plain'and the light becomes less intense, and a trans-
formation will be witnessed that will fill his heart with wonder."
FLUCTUATIONS IN VOLUME.
It is now very generally known that the Great Salt Lake is a diminu-
tive remnant of an inland sea which once existed in the vales of Utah,
filling the Salt Lake valley, extending beyond the present Nevada and
Idaho boundaries on the north and west, and on the south nearly reaching
the Arizona line. The eastern shore of this ancient water-body was
determined by the Wasatch mountains to their southern extremity,
thence by the series of plateaus which extend as a continuation of the
Wasatch ridge, with an increasingly western trend through the southern
portion of the State of Utah.
The existence of this early sea is declared by shore lines and terraces,
both carved and built, by sea-caves, 'ripple-marks, and other littoral
phenomena, on the mountain slopes that once formed its precipitous
shores, and in the sediments of its desiccated floor. The extreme salinity
which to-day characterises the waters of the lake is further evidence of
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624: SCOTTISH GEOGRAPHICAL MAGAZINE.
shrinkage by evaporation when considered in connection with the small
area of the existing lake.
But the history of Lake Bonneville and its decrease in volume to
the present limits of the Great Salt Lake is not the simple story of a
single drying away. There were at least two periods of maximum
flooding, separated by a long interval of particularly arid conditions,
during which the lake almost or entirely disappeared. While the
fluctuations during historic times are insignificant in comparison with
those of the distant past, the lake now varies in volume from year to
year through a range unusual with existing water-bodies. This is the
natural consequence of the aridity of the region and the surprisingly
high evaporation operating on a lake devoid of outlet.
The variations in surface area are even more striking than the
changes in volume, owing to the littoral shallowness and the very gradual
inclination of the bottom. Residents of the lake region testify from
personal observation of a time when the eastern shore was two and
a half miles inland from the present water margin; and ruins of fences
are now to be seen a mile and a half from the existing shore, marking
the limits of salt-grass pastures exposed by an earlier recession, then
submerged, and now again left dry.
The earliest reliable map, constructed on the basis of efficient surveys
of the lake, is that published in Stansbury's report, presenting the area
covered by water in 1850. This period was that of the lowest level
observed by civilised man prior to the great shrinkage now in progress.
A second map was prepared by the geologists of the Fortieth Parallel
Survey, under the direction of Clarence King, based on work done in
1869. At this time the water was approaching its maximum height
during the period of human occupation. The first of these shows 1750
square miles of water area, the second 2170 square miles. As already
stated, the present shore line is near that of 1850, as mapped by Stans-
bury's party, and the existing extent of water surface is correspondingly
-small.
No bathymetrical survey has been made, and the contour of the lake-
bed is but imperfectly known. By soundings made in 1850 a maximum
depth of 36 feet and an average depth of 13 feet were found. By 1869
the lake had risen so as to secure an extension of 470 square miles in
area, though with an increase not exceeding 5 feet in average depth,
and a maximum depth of 49 feet. This disproportionately small increase
in average depth is due to the submergence of comparatively large areas
of flat shore borders. By way of a probably safe estimate it may be said
that the average depth of the lake to-day is not more than 13 feet.
According to the incomplete data obtainable, the lake occupies a valley
trough, with a trend slightly west of north and south of east, and
approximately 25 to 30 miles in average width. This trough is nowhere
more than from 30 to 36 feet below the water surface, and the slope
from the edge of the depression to the level of the lake border is exceed-
ingly gradual.
The existence of this central depression may give some comfort to
the alarmists who predict the early drying away of the lake as suggested
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THK GREAT SALT LAKE. 625
by the recent recession of the waters. It is within the bounds of proba-
bility that should the current shrinkage continue until the marginal
shallows have been left dry, and the lake waters be confined to the
central trough, the evaporation from the diminished water surface may
not exceed the supply, and the shrinkage would reach its limit for the
present cycle of climatic conditions. This central trough is not filling
up at any measurable rate by mechanical deposition. It is probable that
a marly deposit is accumulating over the deeper parts of the lake-bed,
but practically all the suspended matters brought down by the streams
are dropped near shore. The water, except near the river mouths, is
strikingly free from particles in suspension. The loss of transporting
or supporting power through admixture of waters of different chemical
contents is generally known; and in the case of the Salt Lake the
meeting of the inflowing stream with the lake brine determines an
immediate precipitation of the suspended particles.1
For an undetermined period prior to 1850 the lake had been falling;
then during a few years the volume fluctuated, with a tendency to rise,
and finally started on its upward course, reaching its greatest height
about 1873. This relatively high level was followed by a cycle of reces-
sion varied by an occasional rise for a year or so, as one or more seasons
of abundant precipitation prevailed, but with a prevalent tendency
towards shrinkage. The low level of 1850 has again been reached.
A river bar constructed by the Jordan extends from the delta to
Antelope island. Fremont records that in August 1845 he rode across
the bar to Antelope island, the water in no part of the course reaching
his saddle-girths.2 As stated, the present writer has several times ridden
or driven to the island vid this bar without encountering more than
eight inches of water. This may not indicate a fall of the water below
the level of 1845, for doubtless the bar has been raised by added deposi-
tion during the intervening years.
A bar in the form of a completed spit extends from Stansbury island
to the mainland. This was dry during the summer months of 1850.
From 1865 to 1898 the bar was never uncovered, though herds of cattle
were driven across during the low-water period of most years. At
present the bar is mainly dry, and in no part is it covered by more than
a foot of water.
An annual oscillation, fairly regular as to recurrence but not as to
range, has been observed, the maximum height being reached during
May or June, and a lowest level during the late summer months. But
fluctuations of greater than seasonal range are known to occur. Evidence
from many sources points to the correctness of the statements made by
Gilbert in 1878: 'Thus it appears that in recent times the lake has
overstepped a bound to which it had long been subject. Previous to
the year 1865, and for a period of indefinite duration, it rose and fell
with the limited oscillation and with the annual tide, but was never
1
 See contributions by T. Sterry Hunt, Proc. Boston Nat. Hist. Soc, 1874. See also
Text Book of Geology, by Sir Archibald Geikie, third edition, p. 381, for treatment of subject
and bibliography.
2
 Fremont's Memoirs, i. p. 431.
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626 SCOTTISH GEOGRAPHICAL MAGAZINE.
carried above a certain limiting line. In that year or the one following
it passed the line, and it has not yet returned. The annual tide and
the limited oscillation are continued as before, but the lowest stage of
the new regime is higher than the highest stage of the old. The mean
stage of the new regime is 7 or 8 feet higher than the mean stage of the
old. The mean area of the water surface is a sixth part greater under
the new regime than under the old."1 This record has reference to
conditions not later than 1878. Since that time the lake has not only
returned to, but has fallen below, the limiting line of Gilbert's old regime.
Touching the arid conditions of the Great Basin in general, I venture
to incorporate my own words used in another connection, with included
quotations:2—
The aridity of the Great Basin is due to the very small precipitation
of moisture and to the great evaporation resulting from the high tem-
perature. Humid air currents travelling eastward from the Pacific suffer
a condensation of their vapour before reaching the Basin; when they
arrive their condition is changed to that of drying winds.
An estimate of the energy of the evaporation process may be made
as follows: The preparation of salt from the lake water constitutes at
present an important industry. In the process of manufacture, the lake
brine is pumped into elevated conduits through which it is conveyed to
large ponds; in the ponds it evaporates without artificial heat. The
pond area, the pump discharge per hour, and the length of time during
•which the pumps have to be worked in order to keep the water at the
same level in the ponds, may all be determined. From the official
reports of one of the salt companies, it is learned that their ponds cover
971 acres ; that the pumps discharge 14,000 gallons of water per
minute, and that when the ponds have been filled, it is necessary to
work the pumps to their full capacity from ten to twelve hours daily
during the summer months in order to maintain the level. Making
allowance at the start, as a guard against over-estimate, let us assume
that the evaporating surface of the ponds is 1000 acres in area. At the
rate of 14,000 gallons per minute, 8,400,000 gallons -would be delivered
in ten hours. This represents the loss by evaporation per day of 24
hours. Considering the lake surface to be 2125 square miles—the
usually accepted area—the rate of evaporation shown above would
indicate a daily removal from the lake of 11,424,000,000 gallons of
water, or 342,720,000,000 gallons per month of 30 days. The weight
of the water so lifted is 95,447,916 tons per day, or 2,863,437,500 tons
per month. The same high rate of evaporation continues through at
least three months of the year. The estimate here indulged in is
founded on the unproved supposition that the rate of loss is the same
over the deep parts of the lake body as from the shallow pond waters;
it is evident indeed that such cannot be the case; but even if the
numbers would more nearly represent the truth when halved, quartered,
or divided by ten, the result is sufficiently astounding.
1
 Report on the Lands of the Arid Region of the United States, etc., by J. W. Powell.
Washington, 1879, second edition, chapter iv., "Water Supply," by G. K. Gilbert, p. 66.
2
 The Great Salt Lake, Present and Past, by the writer, pp. 47-53.
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THE GREAT SALT LAKE. 627
As is now generally known, there has been a notable increase in the
water supply of the Salt Lake valley, and indeed of the entire Basin
Region, within the period of human occupancy. The supply keeps ahead
of the demands of the growing population. By way of example, I cite
the following items of traditional history, for which information I
am indebted to the Historian's Office, Salt Lake City. Between 1850
and 1860 the site of the present town of Kaysville was first occupied
for habitation. For years after the time of first settlement, a dozen
families composed the entire population, and the settlers were loath to
welcome additions to their numbers, owing to scarcity of water. The
tiny creek, on the banks of which the diminutive and scattered village
had been established, scarcely furnished water enough for the irrigation
of the few small farms owned by the settlers. Kaysville now is a
thriving little town with a population of over 1800. Similar conditions
have prevailed in the history of other towns on the lake margin. Forty-
five years ago ten families composed the population of Farmington and
fourteen that of Bountiful. These places are at present prosperous towns,
the first with over a thousand inhabitants, the second supporting over
2500 souls. The prevailing pursuit of the people is agriculture, and
water is needed for every farm. Yet there is enough and to spare, and
additions to the farming population are regarded as desirable.
To account for this remarkable increase in the water supply, numerous
theories have been proposed, most of them meeting with temporary
favour, soon to be lost. Of such theories three are generally current;
these are called respectively, the,volcanic theory, the climatic theory, and
the theory of human agencies.1
The volcanic theory supposes the increase to be merely an apparent
rise in the lake volume, and this is ascribed to orogenic disturbances,
whereby the lake bottom has been deformed and the water caused to
recede from some parts and to overflow others. The hypothesis is
untenable in the light of the fact that the elevation of lake level is real,
indicating an actual increase in the water-volume. The water has risen
along the entire shore line. On the islands and along the mainland
margin old storm lines are now submerged, and everywhere the shore
has been transferred inland. Independent observation confirms the
belief that the rising of the lake is due to an increase in the water
supply of the entire hydrographic basin, for the streams have all grown
in volume to a degree commensurate with the lake growth. The water-
body not only rose with comparative rapidity above a height which for
an indefinite period had marked its maximum limit, but it maintained
its higher level for more than a decade; and such a condition is not
explicable'on the supposition of a simple deformation of the bed. With
reference to the general and actual rising of the water in opposition to
any supposed increase which is apparent only, I quote from the Lands
of the Arid Regions, page 67 :—
" The farmers of the eastern and southern margins have lost pastures
and meadows by submergence. At the north, Bear River Bay has ad-
1
 Lands of the Arid Regions, p. 67.
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628 SCOTTISH GEOGRAPHICAL MAGAZINE.
vanced several miles upon the land. At the west, a boat has recently
sailed a number of miles across tracts that were traversed by Captain
Stansbury's land parties. That officer has described and mapped Strong's
knob and Stansbury island as peninsulas, but they have since become
islands. .Antelope island is no longer accessible by ford, and Egg island,
the nesting ground of the gulls and pelicans, has become a reef. Springs
that supplied Captain Stansbury with fresh water near Promontory
Point are now submerged and inaccessible; and other springs have been
covered on the shores of Antelope, Stansbury, and Fremont islands."
The climatic theory refers the phenomenon of increase to a permanent
change in the conditions controlling precipitation and evaporation within
the drainage basin. While the recorded observations of rainfall are few,
an actual increase in precipitation is indicated. An increase of less than
ten per cent, would probably account for the observed phenomena, and
the influence of climatic change appears to be a probable explanation, in
part at least, of the greater supply.
Major Powell has advocated the claim of the theory of human
agency. By the cultivation of the land, and the deforesting of the
hill slopes, man favours the rapid removal of the precipitated moisture
through the increase of stream volume. Well, covered soil retains the
moisture whether it fall as rain or as snow, atid in time returns it to
the atmosphere through the medium of evaporation. The more com-
pletely the precipitated water is so held, the less reaches the lake through
stream discharge; and conversely, as the streams'are augmented the lake
rises. Considering the theory of climatic change and that of human
agency as the two hypotheses most worthy of credence, the writer of
chapter iv. of Lands of the Arid Regions says:—
" On the whole, it may be most wise to hold the question an open
one whether the water supply of the lake has been increased by a climatic
change or by human agency. So far as "we now know, neither theory
is inconsistent with the facts, and it is possible that the truth includes
both. The former appeals to 'a cause that may perhaps be adequate, but
is not independently known to exist. The latter appeals to causes known
to exist, but quantitatively undetermined. It is gratifying to turn to
the economic bearings of the question, for the theories best sustained
by facts are those most flattering to the agricultural future of the Arid
Region. If the filling of the streams and the rising^f the lake were
due to a transient extreme of climate, that extreme would be followed
by the return to a mean condition, or perhaps by an oscillation in the
opposite direction, and a large share of the fields now productive would
be stricken by drought and returned to the desert. If the increase of
water supply is due to a progressive change of climate forming part of
a long cycle, it is practically permanent, and future changes are more
likely to be in the same advantageous direction than in the opposite.
The lands now reclaimed are assured for years to come, and there is
every encouragement for the work of utilising the existing streams to
the utmost. And finally, if the increase of water supply is due to the
changes wrought by the industries of the white man, the prospect is
even better."
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"Black Rock" ; near southern extremity of the Great Salt Lake.D
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630 SCOTTISH GEOGRAPHICAL MAGAZINE.
The increased water supply continues, though with some diminution,
particularly within the last fifteen years; but the lake is steadily falling
at a rate seemingly out of proportion to the lessened precipitation. The
true and full cause of the recent and current shrinkage has probably not
been wholly determined, though many of the principal factors are
apparent. Since 1863 the lake level has been recorded in terms of a
gauge-scale established by the U.S. Geological Survey at Garfield Beach,
near the southern extremity. The zero of this scale was arbitrarily
placed at what was supposed to be one foot below the lowest observed
level. On the last day of 1900 the water stood nine inches below the
zero of this scale. The cause of the great recession now in progress has
become a question of supreme interest, and numerous answers have been
proposed. Mr. L. H. Murdoch, Director of the U.S. Weather Bureau
Station at Salt Lake City, writing under date of January 25, 1901,
attaches prime importance to the supply by immediate precipitation,
and practically ignores the deficiency of supply through diversion of the
streams for irrigation purposes.1 He has carefully tabulated the
Bureau records of precipitation for three stations contiguous to the
lake, viz., Salt Lake City, Ogden (thirty-seven miles north), and
Corinne (fifty-five miles north of Salt Lake City), and has compared
the readings with the record of lake level from year to year. The
accompanying chart presents this comparison in graphic form, with some
additions prior to 1863. I am permitted to incorporate here some of
the data furnished by the Weather Bureau and used by Mr. Murdoch
in his presentation. It appears that several notable instances of rise
or fall in lake level have been preceded by years of excessive or deficient
precipitation, measured from the normal for the region. The average
annual precipitation for the stations named between 1863 and 1900 is
14-65 in. From 1863 to 1885 the average precipitation was 15"32 in.,
and throughout this period the lake rose. From 1886 to 1900—years
of lake recession—the average precipitation was but 13*67 in., repre-
senting an annual deficiency of 0"98 in. This would amount to an
accumulated shortage of 14"7 in. for the fifteen years ending with 1900,
and during this period the lake fell from 9 ft. 2 in. (above the gauge
zero) to 9 in. below 0°, or through a range of 9 ft. 11 in. The records
show that the last fifteen years constitute the driest period of equal
consecutive duration since the establishment of the Weather Bureau
stations. I quote from Director Murdoch's statement: " The wettest
fifteen consecutive years were those from 1864 to 1878 inclusive, with
an average of 17*14 in.; and during this period the lake rose to a
maximum height of about 13 ft. 5 in. in 1868, fell to a minimum of
about 6 ft. in 1874, and reached a maximum height of about 12 ft. 5 in.
in 1876. The rise of 1868 was preceded by 28 in. of rainfall in 1867;
and the rise of 1876 by 20"45 in. in 1875." 2 He concludes that there
1
 See Monthly Weather Review, vol. xxix., No. 1, January 1901, p. 22. Washington,
Weather Bureau.
2
 See Monthly Weather Review, vol. xxix., No. 1, January 1901, p. 23. Washington,
Weather Bureau.
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Chart showing comparison of precipitation with lake-level.
Upper and heavier line indicates average annual precipitation in inches within Salt Lake Valley. Data for the
period from 1871 to 1900 inclusive are obtained from the official records at three U.S. Weather Bureau Stations, viz., those
at Salt'Lake City, Ogden, and Corinne. Record prior to 1871 is based on observations at Salt Lake City only: and this
record up to 1863 is based on data furnished by Mr. Marcus E. Jones, Salt Lake City.
' Lower lighter line shows lake-level in feet. The record is made according to data furnished by Mr. M. E Jones for
the period prior to 1875, and by the Oregon ishort Line Railway Company from readings at the Garfield Beach gauge
from 1875 to the present.
. Dotted line in either case indicates approximations made according to the best data available.
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632 SCOTTISH GEOGKAPHICAL MAGAZINE.
is no indication of a change towards a permanent condition of greater
aridity in the region; that a return to normal precipitation is probable;
and that the lake will soon regain its level of fifteen years ago.
Commenting on Mr. Murdoch's statement, Dr. G. K. Gilbert admits
the general accordance between the records of precipitation and lake
level; accepts variations in precipitation as a true cause of lake fluctua-
tion, but considers it insufficient. He regards diversion of the streams
as a prominent factor "contributing to the recent shrinkage, and holds
that the full cause will be found to depend on many factors.
It has been further suggested that the lake rise, which began so soon
after the settlement of the region, was in part due to the pasturing of
animals in large numbers within the drainage basin. The effect was
that the soil was tramped down, and by thus losing in surface porosity
it permitted the water to run directly off, and the lake was the recipient
of greatly increased contributions. The removal of the herbage by
cattle, and the deforesting of the hill-slopes by man, further lessened the
retention of rain-water and snow within the region. But cattle-pastur-
ing in the lake-basin reached its limit and then declined, giving place to
farming operations, in which the cattle ranges were converted into fields,
the soil was turned and its absorbent power increased; less of the pre-
cipitated moisture ran off; and the lake suffered deprivation. This may
be a true element of cause, but alone it is certainly inadequate as an
explanation of the great-fall in lake level.
From all evidence at hand it appears probable that the full cause
of the current fall in lake level is dependent on a number of factors, but
that the principal ones are deficiency of precipitation through a period
of fifteen years, and increasing diversion of the stream water. In the
dry atmosphere of the Great Basin, much of the water spread upon the
land is lost from the surface by immediate evaporation, and but little
finds its way to the lake reservoir through subterranean channels or by
springs. But a small portion of the water lifted by evaporation within
the basin area is precipitated again therein, the prevailing winds operat-
ing to carry it eastward.
If no climatic change toward greater precipitation ensue, present
indications point to a continued recession of the lake until an area is
reached the evaporation from which may be practically met by the
diminished supply. This area, as stated, may be the central trough or
depression holding the deeper waters. There is little ground for hope
that the stream supply will be augmented unless a cycle of increased
precipitation follow. Under existing conditions it is probable that even
the flood-season contributions will be cut off, for the growing needs of
irrigation are forcing the construction of reservoirs in the upper stream
regions for the storage of the flood waters.
COMPOSITION OF THE LAKE BRINE.
A study of Lake Bonneville history makes the existing lake appear
as the veritable dregs of the ancient water-body. The evidence is com-
plete that from a level of about 600 feet above the present water surface
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THE GREAT SALT LAKE. 633
the lake has shrunk through desiccation alone. The solids brought down
in solution by the inflowing streams have been progressively.accumulat-
ing, while the water itself has been removed by evaporation at a rate
equal to, and for long periods greater than, the supply. Much of the
soluble matter left by the lake in its abandoned bottoms has been
washed out and again carried into the lake at lower levels by the
streams which persistently followed it in its retreat. Wide variations
in solid contents with respect both to composition and quantity have
been noted in the examination of samples taken at different times, and
these variations are approximately commensurate with the fluctuations
in volume.
The earliest published analysis of the lake water is that of Gale
made on a sample collected in 1850, when the lake was at its lowest
observed level prior to the present. The results appear in Stansbury's
report.1 This analysis showed 22-28 per cent, dissolved solids by weight.
The next reliable determination was that made by Allen on water taken
in 1869 when the lake was well on its way toward its maximum height
for the then current cycle; this showed a total of 14-99 per cent,
dissolved solids. In 1873 Bassett reported 13-42 per cent, solids;
and the present writer has found 16'716 per cent, in 1885 ; 19"557 per
cent, in 1889 ; 21-47 per cent, in 1892; 21-16 per cent, in 1894; and
2T39 per cent, in 1895. Since 1873 the water has been steadily in-
creasing in density, and therefore in its content of dissolved solids,
except for the seasonal variations. The data cited are here repeated in
tabular form with other statistics.
Solid contents and specific gravity of water taken from the Great Salt Lake.
Date of Collection.
1. 1850, . . . .
2. 1869 (summer), .
3. August 1873,
4. December 1885, .
5. February 1888, .
6. June 1889, .
7. August 1889,
8. August 1892,
9. September 1892,
10. 1893, . . . .
11. December 1894, .
12. May 1895, .
13. June 1900, .
14. July 1900, :
15. August 1900,
16. October 1900,
17. September 1901,
Specific
Gravity.
. 1-170
. 1-111
. 1-102
. 1-1225
. 1-1261
. 1-148
. 1-1569
. 1-156
. 1-1679
.' 1-1538
. 1-1583
. 1-1576
. 1-1711
. 1-1805
. 1-1860
. 1-1979
An apparent discrepancy exists
Total Solids.
Per cent,
by weight,
22-282
14-9934
13-42
16-7162
...
...
19-557G
20-51
21-47
20-05
21-16
21-39
20-90
22-89
23-36
24-03
25-221
litre of
sample.
260-69
166-57
147-8S
187-65
...
226 263
238-12
250-75
244-144
247-760
241-98
268-09
275-765
285-020
302-122
Authority. •
L. D. Gale.
O. D. Allen.
H. Bassett.
J. E. Talmage.
J. E. Talmage.
J. E. Talmage.
J. E. Talmage.
E. Waller.
J. E. Talmage.
J. T. Kingsbury.
J. E. Talmage.
J. E. Talmage.
H. N. M'Coy and
Thomas Hadley.2
H. W. Sheley.
H. W. Sheley.
H. W. Sheley.
L. J. Seckels.
between the writer's report on th<
1
 Exploration and Survey of the Valley of the Great Salt Lake of Utah, by Howard
Stansbury (Philadelphia, 1852), p. 212.
2
 Specific gravity determined by Dr. M'Coy ; total solids by Mr. Hadley.
VOL. XVII. 2 Z
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634 SCOTTISH GEOGRAPHICAL MAGAZINE.
sample collected in September 1892 (No. 9) and the results obtained by
Waller on .a sample (No. 8) taken in August of the same year. The
difference is greater than could be expected from the progressive con-
centration during so short an interval; though in fact, samples collected
in August and September may show a wider variation than do those
taken in any other two consecutive months. The discrepancy is
probably due to an actual difference between the samples; they may
have been taken from different parts of the lake. Care is necessary as
to the place of taking the samples for analysis, as the water is by no
means of uniform density throughout. Thus, in the line of the river
mouths the brine is diluted to a distance of miles, while near shore the
water shows a density above the average for the time. The results
reported by the present writer, and those obtained by Hadley and
Seckels (on water taken from the lake by the writer), are those yielded
by samples collected in the open lake.
The data most commonly cited for decades past as showing the solid
contents of the lake water are those presented by Gale. In 1889 the
present writer published analyses of the water as then constituted, and
protested against the excessive richness generally quoted, as at that time
'the lake was high and the brine relatively dilute. It was stated that it
would be more nearly correct " to quote the average contents of the Salt
Lake water at 16 per cent, solid matters than at 22 per cent." as at that
time was most commonly done.1 Now, however, the water has passed
the density chronicled by Gale, and at present the dissolved solid matter
constitutes about 25 per cent, of the weight of the brine.
The dissolved solids consist principally of sodium and magnesium
salts with the chlorides predominating. Potassium compounds are also
present, while boric and phosphoric acids are found in traces and lithium
occurs in quantity sufficient to be readily detected by spectroscopic tests.
Bromine has been found in traces, and in the later analyses this element
is reported in measurable amount. Iodine has not been found.
The following table presents the results of a number of determina-
tions :—
Composition of dissolved solids occurring in Salt Lake water, acids and bases
theoretically combined ; expressed in percentage of weight of samples.
Sodium chloride, .
Sodium sulphate,.
Magnesium chloride,
Calcium sulphate,
Potassium sulphate,
Potassium chloride, . . 1"89
Excess of chlorine, 0-20
Gale. Allen. Bassett. Talmage.
1800. 1869. 1873. 1885. 1889.
20-20 11-86 8-85 13-586 15"743
1-83 0-93 1-09 1-421 1-050
0-25 1-49 1-19 1-129 2-011
0-09 0-20 0-148 0-279
0-53 ... 0-432 0-474
Total, . . . 22-28 14-99 13-42 16-716 19-557
1 See "The Waters of the Great Salt Lake," by the writer, Science (New York, 1889),
vol. xiv. pp. 444-446.
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THE GREAT SALT LAKE. 635
A comprehensive analysis was made by E. Waller on water taken
from the lake in August 1892. The results reported are as follow i1—
Analysis of a sample of the water of Great Salt Lake, collected August 9,1892.
[Expressed in grams per litre; Specific Gravity, 1"156.]
Elements and Radicals.'
Sodium 75-825
Potassium, . . . 3-925
Lithium, . . . . 0-021
Magnesium, . . . 4'844
Calcium, . . . . 2-424
Chlorine, . . . . 128-278
Sulphur trioxide, . . 12-522
Oxygen in sulphates, . 2-494
Ferric oxide and 1 0-004
aluminium oxide,}'
Silica, . . . . 0-018
Boron oxide, . . . Trace
Bromine, . . . Faint trace
Probable Combination.
Sodium chloride NaCl, . .
Potassium sulphate K2SO4, .
Lithium sulphate, Li2SO4, .
Magnesium chloride, Mg Cl2, .
Magnesium sulphate, Mg SO4,
Calcium sulphate, Ca SO4, .
Ferric and aluminium oxides,
A
2 3 A.
Silica, Si O2) . . . .Surplus sulphur trioxide, SO3,
Total, . . .
Total solids by evaporation, .
Total solids [duplicate], . .
192-860
8 -756
0-166
15-044
5-216
8-240
0 0 0 4
0-018
0-051
230-355
238-12
237-925
Waller reports no sodium sulphate, and in this respect his results
differ from all other published analyses. The difference is one of
theoretical consideration in the calculation of the probable combinations
of acid and basic radicals. He has evidently combined all the sodium
with chlorine as sodium chloride, which assuredly is the most abundant
solid in the brine; but sodium sulphate is known to exist in the water,
or to be plentifully formed under conditions of its easy separation. As
shall be shown, every winter witnesses the deposition of enormous
quantities of the sulphate, the separation taking place as soon as the
water reaches a certain critical point of moderately low temperature.
G. K. Gilbert estimates the quantity of sodium sulphate dissolved in the
lake at thirty millions of tons.2
Additional data of a fragmentary character are gathered from a
partial analysis made at the University of Utah by Mr. H. W. Sheley,
on a sample taken in October 1900. This gave :—
Chlorine, . • .
Sulphuric acid radical
Calcium,
Magnesium,
Bromine,
. 13-062 per cent, of weight of sample.
SO4, . 1-586 ,,
• 0-487
• 0-254 „
1 -4 parts per million.
A sample taken in August 1900 yielded to Mr. Sheley 12*79 per
cent, chlorine.
The composition of the stream water flowing into the lake is an
"interesting subject of inquiry in this connection. The principal streams
have been examined and their residues analysed; as a result, an average
of 0-2446 part solid matter per thousand is indicated. This is nearly
double the average quantity of dissolved solids in rivers in general • and
1
 School of Mines Quarterly (Columbia College, New York), vol. xiv. p. 58.
2 Lake Bonneville, Monograph I. U.S.G.S., 1890, p. 253.
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636 SCOTTISH GEOGRAPHICAL MAGAZINE.
the water from lake-shore springs is even richer in dissolved matter.
Professor Eussel estimates that the combined stream and spring waters
reaching the lake carry 0-03 per cent, or 0-3 part per thousand. It is plain
that but for the concentrating effect of evaporation the lake would be a
fresh-water body.
The lake is approaching the condition of a saturated brine; already
in the partly isolated shallows it has deposited salt as a floor crust in
places sufficiently thick and coherent to sustain the weight of a horse
and rider; but in the open area the water still holds its salt in permanent
solution.
Analysis fails to reveal in the brine the proportion of calcium
carbonate to be expected from the presence of this substance in the
inflowing waters. This is accounted for by the immediate precipitation of
most of the carbonate at the river mouths, and by the slow accumulation
of a marly deposit farther out. The littoral deposits of calcium carbonate
appear as spheroidal calcareous particles, particularly plentiful along the
south and south-eastern shores. This is commonly known as "oolitic
sand"; it occurs as spherules, ranging in size between No. 8 and No. 10
shot. It has accumulated as in-shore dunes, some of which are from ten
to twelve feet deep, but the average depth is probably about half as
great. Dr. A. Rothpletz has advocated the theory1 that these oolitic
spherules are due to the agency of algre living in the marginal parts of
the lake. He asserts that the oolitic granules form the home of colonies
of certain plants known to elaborate calcium carbonate, among which
are Gloeocapsa and Glosothecre ; and he advances the belief that marine
deposits of similar kind are the products of lime-secreting schizophytes.
I find little to support this theory. The spherules generally consist of
siliceous nuclei coated with the calcareous material in concentric bands.
The fact that the oolitic sand is found only near shore is in keeping with
the view that the rounded form may be due to rolling.
A somewhat unusual phenomenon, seemingly dependent on the
globular form of the oolitic particles, was observed by the writer recently.2
From the eastern slope of Antelope island there was visible what
appeared to be a segment of a brilliant rainbow of double width. It was
plain, however, that no rain was falling in that direction. The position
of sun and clouds was such as would produce the rainbow had rain been
falling at the time. A wind blowing from the island toward the main-
land had lifted the oolitic sand from the dry flats. The coloured band
appeared to touch the lake bed, and its ends subtended with the observer
an angle of about 40°. The rainbow colours were distinct and in the
same order as in the ordinary bow. A fainter secondary bow was
visible in the natural position, and with colours reversed as to order. It
would appear that the spherical surfaces of the " sand " granules reflected
the light in such manner as to produce the "sand-bow." Is it not
possible that each spherule was surrounded by an atmosphere of rarefied
air due to the heating effect of the sun, and that the passage of the light
1 Botanisches Centralblatt, 1892, p. 35.
2
 See " A Saud-Bow," by the writer, Science, vol. xiii. N.S. p. 992.
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THE GREAT SALT LAKE. 637
rays from the denser atmosphere into the rarer envelope, and the reverse
produced refraction of the rays as in the case of water-drops 1
ECONOMIC CONSIDERATIONS.
The value of the lake water as a source of useful products was
recognised by the early settlers of the region, and the harvesting of
common salt from the brine dates from the first year of civilised occupa-
tion within the valley. Yet until less than twenty years ago Salt Lake
salt was in bad repute, and the commodity was imported into this the
richest salt region -on earth. The objectionable quality was due to
impurities, and this was a result of ignorance or lack of care in the
preparation. The primitive mode of manufacture consisted in impound-
ing shallow portions of the lake by dykes, and in allowing the imprisoned
brine to evaporate to dryness under solar heat. Obviously, the sulphates
as well as the magnesium compounds would thus be retained in the
salt, and the product was an efflorescent mixture. The next step
toward improvement consisted in the removal of the crystallised
salt from the mother-liquor by draining; this effected but partial
purification.
At the present time several large works are devoted to the manu-
facture of salt on the lake shores, and the product ranks among the
purest varieties of commercial salt. The process now followed consists
in pumping the brine into elevated coilduits by which it is conveyed into
prepared inland ponds, in the first of which (the settling ponds) it
deposits its suspended matters, and from which it is run into the
crystallising ponds. Here it is allowed to evaporate until salt deposits
plentifully; and at the proper stage the mother-liquor, carrying most of
the objectionable compounds, is drained away. The layer of salt at the
close of the season averages six inches in depth, yielding about 900
tons to the acre. The salt harvest begins in autumn and continues into
the winter months. The salt is gathered into hand-cars run on movable
rails, and is piled in symmetrical heaps where it rests until required for
shipment as coarse salt or for refining into the better grades of dairy
and table salt.
The ponds now owned by the largest company operating cover 1400
acres, and the possible yield of a single season is about one and a quarter
million tons. Lack of demand has prevented the utilisation of all the
pond area every season, but an annual harvest of 150,000 tons by this
company alone is common. According to the company's official state-
ment, the coarse salt loaded on the cars for shipment is sold profitably
at one dollar per ton, and the refined salt is marketed at the lowest
current prices. The refining process consists in crushing, drying, and
winnowing,while hot. By the operation last named, the efflorescent
salts, notably the sodium sulphate, are effectively removed. The quality
of the product may be learned from the following tables, which present
the results of the writer's analyses on samples procured by purchase in
the retail market:—
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After the Salt Harvest: Inland Crystal Salt Company's Ponds on southern shore of the Great Salt Lake.
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THE GREAT SALT LAKE. 639
Sodium chloride,
Calcium chloride,
Calcium sulphate,
Magnesium sulphate,
Moisture, .
Insoluble matters,
Loss and error, .
Refined salt
made by the
Inland Salt Co.
1889.
98-407%
•371
•650
•030
•442
•102
...
Table salt
Inland Salt
Company.
98-121%
•311
•422
•022
•911
•201
•012
Coarse salt
Jeremy Salt
Company.
98-101%
•322
•364
021
•952
•214
•026
Table salt
Jeremy Salt
Company.-
9S-300%
•345
•680
•042
•158
•472
•003
100-002 100-000 100-000 100-000
Next to common salt, sodium sulphate suggests itself as a profitable
product of the lake water. As already stated, this substance (com-
mercially known as Glauber Salt, mineralogically as Mirabilite) separates
from the brine at a certain low temperature. This critical temperature
has been placed at about 20° F.,1 but in the writer's opinion, based on
careful observation, the separation begins at a higher point, probably
within a few degrees of the freezing point of fresh water.2
As the crystallisation of the Mirabilite proceeds the water becomes
opalescent; and the substance deposits over the lake bed and is cast up
by the waves in such quantities as to cover the shore parts to a depth of
inches or feet. The writer has waded through such deposits during the
winter months sinking at every step to the knees. As the Mirabilite is
speedily taken into solution when the water touches the critical point of
temperature in the ascending scale, it must be removed beyond reach of
the waves if it is to be preserved. A few years ago there was a tem-
porary demand for the material, and it was easily gathered by the use
of horse-drags. The purity of the substance as it occurs is shown by
the following average results of analyses by the writer. Chemically-
pure Mirabilite consists of anhydrous sodium sulphate 44'1 per cent.,
water 5 5'9 per cent.
Analyses of Mirabilite collected from winter deposits on the shores of the
Great Salt Lake.
Sodium sulphate,
Sodium chloride,
Calcium sulphate,
Magnesium sulphate,
Water, .
Insoluble matters,
Loss and error,
1.
East shore
deposit.
43-060
•699
•437
•025
55-070
•700 •
•009
2.
West shore
deposit.
42-325
•631
•267
•018
55-760
•756
•243
100-000 100-000
The easy preparation of sodium carbonate from the Mirabilite is self-
suggestive, and experience has demonstrated the success of the under-
taking at low cost. The first stage of the Le Blanc process of the
1
 Lake Bonneville, p. 253.
2
 The Great Salt Lake Present and Past, pp. 84, 85.
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640 SCOTTISH GEOGRAPHICAL MAGAZINE.
carbonate manufacture—that of preparing the sulphate from the chloride
—is here performed by nature on an immeasurable scale; and the lime-
stone and coal necessary to the transformation of the sulphate into
carbonate are of ready access. A factory for the preparation of sodium
carbonate, hydrate, hyposulphite, and other compounds, was successfully
operated until the enterprise was killed by the high cost of railway
transportation. The industry of chemical manufacture from the briny
lake awaits only a market for the products.
In connection with the economic importance of the lake, the deposits
of guano on some of the islands may be mentioned. This material has
accumulated as a result of the annual nesting of innumerable gulls and
pelicans on some of the smaller islands, and the deposits are worked for
the valuable fertilisers they afford. Hat or Egg island is the principal
rookery.
LIFE IN THE LAKE.
In accordance with a popular fallacy the statement is often made that
no living thing tenants the Salt Lake brine, and the lake is frequently
referred to as the "Dead Sea of America." True, the species of plants
and animals known to inhabit the lake are few; but of these some exist
in great numbers. Of the animals native to the brine the writer has
confirmed the presence of the following :—Artemia fertilis, Verril, other-
wise known as Artemia salina, in all stages from the egg to the mature
form; (2) the larva of one of the Tipula flies, probably Chironormis
oceanicus, Packard; (3) a species of Corixa, probably Corixa decolor, Uhler;
(4) larvae and pupae of a dipterous fly, Ephjdra gracilis, Packard.
The larvae of Ephydra and of the Tipula fly may be found in numbers
amongst the algae near shore during the warm season ; and the pupa cases
of these species at times line the shore and emit by their decomposition
an unbearable stench.
The most abundant species is the tiny crustacean known as the Brine
Shrimp {Artemia). These seldom exceed a third of an inch in length,
but their diminutive size is compensated by their numbers. Between
May aad October they may be found near the surface over the whole
lake area; as the cold season approaches they confine themselves to the
warm shore shallows as long as the water is calm; but rough weather at
any season drives them into the deeper parts. During the summer the
shrimps gather in such numbers as to tint the water over wide areas;
indeed, while cruising upon the lake at this season I have repeatedly
taken a pint or more by means of a «mall tow-net within a few minutes.
The swarming numbers in which the brine shrimps occur are due to their
prolific nature, and to the absence of enemies.
I have captured the shrimps in the open lake in midwinter, when
the temperature of the brine was far below the freezing point of fresh
water. They possess marvellous powers of adapting themselves to rapid
changes of density in the water. I have taken them from the settling^
ponds at the salt works, when the brine was almost saturated, and by
gradual dilution have accustomed them to a medium of fifty per cent.
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THE GREAT SALT LAKE. 641
fresh water. Among the shrimps the females greatly predominate at all
seasons, and during the winter months a male is rarely found.1
It is generally known to zoologists that Artemia affords one of the
most striking examples of parthenogenesis or reproduction by means of
unfertilised eggs. Siebold of Munich has affirmed that with Artemia and
certain allied entomostracans the parthenogenetic mode of reproduction
is common. The Salt Lake shrimps are prolific egg-producers, and the
Artemia fe.rtilis (brine Shrimp, male).
creatures may be bred through several generations though males be
persistently excluded. The observations of Schwankewitsch on the brine
shrimp at the salt works of Odessa indicated remarkable changes of form
resulting from progressive dilution or concentration of the medium. Thus,
with an increase of density from 8° to 25° Baume through a period of
1
 For further notes concerning the brine shrimp of the lake, its habits, methods of mounting
for microscopical examination, etc., see the following by the writer: Journal, Royal
Microscopical Society, 1901, pp. 557, 558; "The Brine Shrimp of the Great Salt Lake,"
American Monthly Microscopical Journal, vol. xiii., 1892, pp. 284, 285 ; The Great Salt Lake,
Present and Past, pp. 67-76.
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642 SCOTTISH GEOGRAPHICAL MAGAZINE.
three years Artemia salina assumed the form of Artemia muehlausenii, till
that time supposed to be a distinct species. An experiment reversing
the conditions was conducted, and within a few weeks a change towards
the normal form of Artemia salina was apparent. Then by further dilution
he bred from the Artemia salina the form known as Branchineda shcefferi,
and later other forms.1 ;
The lake flora has received but little attention at the hands of
investigators. That algEe exist in considerable variety is attested by the
shore accumulations of many colours and forms. Living diatoms are
common in the brackish water near river mouths, and diatomaceous
deposits are found in the older lake beds.2
PLEASURE EESORTS ON THE LAKE.
The fame of the Great Salt Lake as a bathing resort has long been
widespread; and now thousands of tourists with other thousands of
Utah residents gather at this natural sanatorium every year. The
remarkably high density of the brine gives a buoyancy unknown to the
sea-bather. It is physically impossible for the human body to remain
submerged, and the swimmer has but to lie at ease and float rather upon
than in the water. Nevertheless care and skill are necessary, and the
untrained swimmer had better not venture beyond wading depth. The
danger lies in the certainty of partial or complete strangulation if the
irritating brine enter mouth or nostrils.
Among the well-equipped bathing pavilions the most important are
Saltair and Garfield. Saltair pavilion, the more pretentious of the two,
was built in 1893 at a cost of over a quarter million dollars. When first
constructed it was nearly a mile from shore, the railway leading on a
pile-supported track into the lake. This island-like situation gave
greater depth for bathing, and moreover secured immunity from insect
pests and shore stench incident to the accumulation of pupa-cases at the
water margin. The recent recession of the lake has advanced the shore
line to within a hundred feet of the shallow-water wings of the pavilion.
The buildings are supported on 2500 piles each ten inches in cross section
and driven fourteen feet into the lake bottom. In the" work of pile-
driving an unexpected difficulty was encountered. The lake bottom at
this place consists of a top layer of "oolitic sand " loose or but slightly
compacted to a depth of eight to ten inches. Then follow two feet of
the " sand " well cemented by calcareous material, and then seven or eight
feet of compact Mirabilite or sodium sulphate. I t was found impossible
to penetrate this layer of " soda " by the ordinary method of pile-driving;
indeed even with steel-shod piles but little was accomplished. The
following simple and efficient procedure was adopted. Steam under
moderate pressure was conducted through pipes to the "soda" at the
point where a pile was to be driven. The sulphate dissolved at once
1
 Prof. J. S. Kingsley, Riverside Natural History, vol. ii. pp. 40, 41.
2
 For an interesting description of land insects inhabiting the shores of the lake see
"Insect Fauna of the Great Salt Lake," by E. A. Schwarz, in the Canadian Entomologist,
vol. xxiii., 1891.
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Garfleld Beach Pavilion, as seen from the lake; old sea-cliffs in the background.
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644 SCOTTISH GEOGRAPHICAL MAGAZINE.
and the post was set with a stability beyond expectation. One of the
officials in charge stated in a personal note to myself, " After the piling
has been allowed to set for twenty-four hours, it is impossible to drive it
even a quarter of an inch, though you might hammer the piling until you
wore it down."
The Mirabilite bed was encountered in the driving of posts at Gar-
field pavilion, and the deposit is known to occur inland to a considerable
distance, though buried beneath several feet of " oolitic sand."
The buildings at Saltair extend 1115 feet in length, with a greatest
breadth of 335 feet. An auditorium on the upper floor covering
140x250 feet is domed by a roof without a supporting pillar between
the walls. This is constructed after the plan of the justly famed
" Mormon " tabernacle at Salt Lake City.
SIR JOHN MURRAY'S SCHEME FOR THE INVESTIGATION
OF THE NATURAL HISTORY OF THE FORTH VALLEY.
By MARION NEWBIGIN, D . S C
{Read before Section E of the British Association, September 1901.)
(Published by permission of the Council of the Scottish Natural History
Society.)
IT has been suggested that a brief account of the above scheme might
prove of interest to the members of the section, and that further, the
occasion presented an opportunity for discussion likely to prove of value
to those interested in the carrying out of the work. As the whole
scheme is still in embryo, it should be understood that the following
paper does not in any sense deal with the results of research, but is
merely a tentative account of the aims and plans of the Scottish Natural
History Society.
First as to the genesis of the scheme :—The Scottish Natural History
Society has its headquarters in Edinburgh, and has some two hundred
and thirty ordinary fellows. A not inconsiderable proportion of these
have made the study of some branch of natural history their life-work,
but the majority, as in most similar societies, are able only to devote their
spare time and energy to scientific pursuits. Hitherto the work of the
society has consisted chiefly in evening meetings held during the winter
months, where subjects of a more or less general nature have been
discussed, and in excursions to places of interest during the summer.
Work of a more serious nature has been carried on, to a greater or less
extent, in the small sections connected with the main body. Sir .John
Murray, in the course of a presidential address to the society, commented
on its size and opportunities, and suggested that it might be made to
yield more tangible results from the scientific point of view, by a more
judicious use of these opportunities, and by taking fuller advantage of
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